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© The process for the preparation of vaccines ac- 
cording to the invention is essentially characterized 
by the fact of introducing, into particles of lipoprotein 
membranes, antigens inducing a protective immune 
response. The lipoprotein membranes can be natu- 
ral, as for example the liposomes, and/or synthetic. 
Antigens inducing a protective immune response can 
be, for example, proteins of hepatitis B virus (HBV), 
AIDS virus (HIV), malaria Plasmodium or toxoplasma. 
The invention extends also to the vaccines char- 
acterized by the fact of consisting in, or including, 
particles constituted by lipoprotein membranes con- 
taining antigens inducing a protective immune re- 
sponse. 



LU 



1 



EP 0 433 242 A1 



2 



PROCESS FOR PREPARING VACCINES CAPABLE OF GENERATING NOT ONLY THE IMMUNE RESPONSE 
OF T HELPER LYMPHOCYTES, BUT ALSO AN EFFECTIVE RESPONSE OF CYTOTOXIC T LYMPHOCYTES; 
AND VACCINES WITH THE ABOVE CHARACTERISTICS 



DESCRIPTION 



The present invention refers to a process for 
the preparation of vaccines consisting in, or includ- 
ing, particles constituted by lipoprotein membranes 
containing antigens that induce a protective im- 
mune response. These particules, eventually to- 
gether with other ordinary substances for vaccine 
preparation, are capable of generating not only an 
immune response of T helper lymphocytes (class 
ll-restricted) but also an effective response of 
cytotoxic T lymphocytes (class l-restricted). It must 
be emphasized that these last cells are fundamen- 
tal for the clearance of cells infected by pathogenic 
agents. 

As it is known, the recognition of antigen by T 
lymphocytes can be differentiated from the rec- 
ognition by B lymphocytes for two main reasons: a) 
T cells do not recognize, as B lymphocytes, the 
native antigen in its conformation, but only peptidic 
fragments derived from its processing by antigen 
presenting cells (APC); b) such peptides are recog- 
nized only if associated with other membrane mol- 
ecules of APC, constituted by the products of ma- 
jor histocompatibility complex (MHC) genes. 

T lymphocytes with CD4+ phenotype recog- 
nize the antigen in association with class II MHC 
molecules. On the contrary, T lymphocytes with 
CD8+ phenotype recognize the antigen in associ- 
ation with class I NHC molecules. 

The experimental evidence suggests thee exis- 
tence of two separate pathways of processing and 
presentation of antigen, that lead to the selective 
association of cellular endogenous antigens to 
class I molecules, and of exogenous antigens to 
class II molecules. Consequently, CD4+ class II- 
restricted T cells are usually induced by exoge- 
nous soluble antigens, while CD8+ class l-restrict- 
ed T cells are generally induced by endogenously 
synthesized antigens, such as those expressed by 
virus infected cells, or by cellular self antigens. 

Summarizing, exogenous antigens, which enter 
into the APC through a fluid phase mechanism or 
by receptor-mediated endocytosis, are processed 
by acid proteases at the endosomal level and 
seem to have a selective access to class II mol- 
ecules, as a result of a vescicular fusion at the 
level of trans- or post-Golgi region. On the con- 
trary, peptides derived from proteins synthesized 
by the cells themselves, would be processed in the 
cytosol (probably from enzymes of cis-medial- 
Golgi but not of trans-Golgi) and could preferen- 



tially interact with class I molecules at the level of 
endoplasmic reticulum or of the cis-Golgi region. 

All that has a precise biological sense: for 
example, during a viral infection, cytotoxic class I- 
5 restricted T cells will destroy the virus infected 
cells, while helper class ll-restricted T cells will 
induce an antibody response to neutralize exoge- 
nous viral particles or toxins. 

It has now been unexpectedly found that utiliz- 
w ing the process of the present invention it is possi- 
ble to prepare vaccines capable not only of an 
effective class ll-restricted helper T lymphocytes 
response, but also a response of class l-restrictecd 
cytotoxic T lymphocytes. The present invention 
/5 therefore refers to a process for the preparation of 
vaccines, essentially characterized by the fact of 
introducing, into lipoprotein membrane particles, 
antigens inducing a protective immune response. 
Lipoprotein membranes can be natural mem- 
20 branes, as for example the liposomes, and/or syn- 
thetic membranes. 

•The antigens that determine the protective im- 
mune response can be, for example, proteins of 
hepatitis B virus (HBV) or AIDS virus (HIV). 
25 In these cases, the above-mentioned antigens 

can be recombinant proteins or synthetic peptides 
of the virus under consideration. 

The antigens that determine the protective im- 
mune response can also be, for example, proteins 
30 of the malaria Plasmodium or of toxoplasma. 

The present invention is not limited to the 
process for vaccine preparation, but extends to the 
vaccines per se. 

Subject matter of the present invention are 
35 therefore also vaccines characterized by the fact of 
consisting in, or including, particles consituted by 
lipoprotein membranes containing antigens capable 
of inducing a protective immune response. These 
vaccines are capable to generate not only the 
40 immune response of T helper (class ll-restricted) 
lymphocytes, but also an effective response of 
cytotoxic (class !-restricted) T lymphocytes. 

The lipoprotein membranes can be natural, as 
for example the liposomes, and/or synthetic. 
45 As previously seen, the antigens that determine 

the protective immune response can be, for exam- 
ple, proteins of hepatitis B virus (HBV) or of AIDS 
virus (HIV). In these cases, the above-mentioned 
antigens can be recombinant proteins or synthetic 
so peptides of the virus under consideration. 

The antigens that determine the protective im- 
mune response can also be, for example, proteins 
of the malaria Plasmodium or of toxoplasma. 
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The vaccines according to the present inven- 
tion can obviously contain also substances usual in 
the preparation of vaccines. 

So far, a general description of the invention 
forming the subject matter of the present patent 
has been given. To better understand its purposes, 
characteristics and advantages, a more detailed 
description will now be given with the help of the 
following example. 

The example has only an explanatory function. 
Indeed the scope of the invention is substantially 
defined only by the following claims. 

Example 



A few very rare antigens, as for example the 
hepatits B virus envelope (subsequently indicated 
as hepatitis B virus or HBV) can be presented to 
class l-restricted T cells. In particular, the process- 
ing pathway of this exogenous antigen necessary 
for tlhe binding to class- 1 molecules would not be 
the endosomial one, but another processing path- 
way not yet well elucidated. 

It has therefore been investigated on the pos- 
sibility that exogenous antigens could be pro- 
cessed and presented to class ll-restricted T lym- 
phocytes, when directly introduced into the cytosol, 
following a non-endosomal processing pathway that 
lead the peptidic fragments to bind class I mol- 
ecules. For this purpose, there have been prepared 
particles consituted by lipoprotein membranes con- 
taining the HBV antigenic envelope proteins (pre- 
S1 , pre-S2, S) to verify if such particles, by virtue 
of the fact that they contain lipoprotein membranes, 
can enter into the APC through a fusion mecha- 
. nism with the cellular membrane, introducing the 
HBV antigens into the cytosol. 

Therefore, there have been constructed two 
types of particles: a) particles constituted by lipo- 
somes, with the HBV envelope proteins assembled 
both inside and outside of the liposomes; b) par- 
ticles constituted by liposomes containing the viral 
proteins only inside. 

At this point, there have been generated T 
clones, specific for B virus envelope protein, by the 
limiting dilution technique, both from liver infiltrating 
lymphocytes of B virus chronic hepatitis patients, 
and by the peripheral lymphocytes obtained from 
HBV vaccine recipients. 

In particular, peripheral mononuclear cells from 
vaccine recipients have been cultured at a con- 
centration of 4xl0 5 cells in a total volume of 200 ul 
in 96 well flat-bottomed microplates. Furthermore, 
lymphocytes' isolated from liver biopsies of HBV 
chronic hepatitis patients were cultured with the 
antigen, together with irradiated peripheral auto- 
logous mononuclear cells, used as APC. After 7 



days, interleukin 2 (IL2) has been added, and, after 
further 15 days, T blasts cloned at 1-0.3 cells/well 
with antigen, IL2 and irradiated autologous APC. 
After 10-15 days, cultures containing proliferating 
5 blasts have been further expanded with IL2, and 
stimulation with antigen was periodically performed, 
to obtain an adequate number of T lymphocytes 
derived from a single precursor, to perform speci- 
ficity and HLA-restriction studies. 

io In this way, there have been obtained both 
class ll-restricted T and class l-restricted T clones. 
These antigen-specific T clones have been so cul- 
tured with the two types of particles, artificially 
prepared as described above. In particular, both 

75 class II- and class l-restricted T clones were ca- 
pable to recognize the liposomes containing the 
viral proteins both inside and outside. On the con- 
trary, only class l-restricted clones recognized lipo- 
somes containing the viral proteins only inside. 

20 Class ll-restricted T lymphocytes could not rec- 

ognize this second type of particle because the 
latter, not containing viral antigen outside, cannot 
enter into the APC through the classic mechanism 
of endocytosis, that, as already said, lead to a 

25 selective association with class II molecules. 

Studies with APC fixation have shown that the 
two forms of particles need to be catched and 
processed before being presented to T lym- 
phocytes. These results demonstrate that the abil- 

30 ity of an exogenous antigen to be recognized by 
class l-restricted T cells depends on the fact that it, 
as being contained in liposomes, can in turn enter 
into APC cellular membrane and be introduced into 
the cytosol, where it will interact with class I mol- 

35 ecules. 

The vaccine against HBV hepatitis, prepared 
with the criteria described above, presents, with 
respect to traditional vaccines against HBV hepati- 
tis, the following advantages: 

40 - it can avoid the use of potentially infecting plasma 
or plasma- and hemo-derivatives; 

- it surely evokes a cytotoxic T lymphocyte re- 
sponse (traditional vaccines activate only T helper 
cells); 

45 - it consequently avoids the vaccine non-responder 
state; and 

- it vehiculates the immunodominant epitopes (in 
this way, the synthetic peptides recognized by 
helper and/or cytotoxic T cells are introduced into 

so liposomes). 

Claims 

1. A process for the preparation of vaccines, char- 
55 acterized essentially by the fact of introducing, into 
lipoprotein membrane particles, antigens that deter- 
mine the protective immune response, the particles 
so obtained being capable of generating not only 
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the immune response of T helper (class ll-restrict- 
ed) lymphocytes, but also an effective response of 
cytotoxic (class l-restricted) T lymphocytes. 

2. The process for the preparation of vaccines as 
per claim 1, in which the lipoprotein membranes 
are totally or partically natural. 

3. The process for the preparation of vaccines as 
per claim 2, in which the natural lipoprotein mem- 
branes are the liposomes. 

4. The process for the preparation of vaccines as 
per claim 1 t in which the lipoprotein membranes 
are totally or partially synthetic. 

5. The process for the preparation of vaccines as 
per any of the preceding claims, in which the 
antigens that determine the protective immune re- 
sponse are HBV proteins. 

6. The process for the preparation of vaccines as 
per claims 1 to 4, in which the antigens that deter- 
mine the protective immune response are proteins 
of AIDS virus (HIV). 

7. The process for the preparation of vaccines as 
per claim 5 or 6, in which the antigens that deter- 
mine the protective immune response are recom- 
binant proteins of the virus. 

8. The process for the preparation of vaccines as 
per claim 5 or 6, in which the antigens that deter- 
mine the protective immune response are synthetic 
peptides of the virus. 

9. The process for the preparation of vaccines as 
per claims 1 to 4, in which the antigens that deter- 
mine the protective immune response are proteins 
of malaria Plasmodium. 

10. The process for the preparation of vaccines as 
per claims 1 to 4, in which the antigens that deter- 
mine the protective immune response are proteins 
of toxoplasma. 

11. Vaccines, characterized by the fact of consist- 
ing in, or including, particles constituted by 
lipoprotein membranes containing antigens capable 
of inducing a protective immune response, these 
vaccines being capable to generate not only the 
immune response of T helper (class I l-restricted) 
lymphocytes, but also an effective response of 
cytotoxic (class l-restricted) T lymphocytes. 

12. Vaccines as per claim 11, in which the 
lipoprotein membranes are totally or partially natu- 
ral. 

13. Vaccines as per claim 12, in which the natural 
lipoprotein membranes are the liposomes. 

14. Vaccines as per claim 11, in which the natural 
lipoprotein membranes are totally or partially syn- 
thetic membranes. 

15. Vaccines as per any claim 11 to 14, in which 
the antigens that determine the protective immune 
response are proteins of hepatitis B virus (HBV). 

16. Vaccines as per any claim 11 to 14, in which 
the antigens that determine the protective immune 
response are proteins of AIDS virus (HIV). 



17. Vaccines as per claim 15 or 16, in which the 
antigens that determine the protective immune re- 
sponse are recombinant proteins of the virus. 

18. Vaccines as per claim 15 or 16, in which the 
s antigens that determine the protective immune re- 
sponse are synthetic peptides of the virus. 

19. Vaccines as per claims 11 to 14, in which the 
antigens that determine the protective immune re- 
sponse are protein of malaria Plasmodium. 

10 20. Vaccines as per claims 11 to 14, in which the 
antigens that determine the protective immune re- 
sponse are proteins of toxoplasma. 
21. Vaccines as per any claim 11 to 20, in which 
substances usual in the preparation of vaccines are 

is present. 
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